Background: Ankle osteoarthritis commonly involves sagittal malalignment with anterior translation of the talus relative to the tibia. Total ankle arthroplasty has become an increasingly popular treatment for patients with symptomatic ankle osteoarthritis. However, no comprehensive study has been conducted on the outcomes of total ankle arthroplasty for osteoarthritis with preoperative sagittal malalignment. The purpose of this study was to evaluate the effect of anterior translation of the talus on outcomes of three-component total ankle arthroplasty. Methods: One hundred and four osteoarthritic ankles in 104 patients who underwent three-component total ankle arthroplasty were included in this study. The 104 ankles were divided into 2 groups: ankles with anteriorly translated talus (50 ankles), and ankles with non-translated talus (54 ankles). Clinical and radiographic outcomes were assessed in both groups. The mean follow-up duration was 42.8 ± 17.9 months (range, 24 to 95 months).
Background
Ankle osteoarthritis often involves ankle sagittal malalignment, including anterior or posterior translation of the talus relative to the tibia, and anterior translation of the talus seems to be more common [1] [2] [3] [4] . While there is clinical evidence for anterior translation of the talus in ankle osteoarthritis, the mechanism of anterior translation of the talus is not well understood. According to literature review, the anterior opening angle of the distal tibial joint surface increases in ankle osteoarthritis, loading stress is concentrated on the front of the ankle, and the talus is translated anteriorly due to stretching of the anterior talofibular ligament [5, 6] .
In recent years, total ankle arthroplasty has become more popular as a treatment option in patients with osteoarthritis of the ankle, with favorable clinical results [1, 2, 7, 8] . Restoring the anatomical orientation of the tibia and talar component is considered vital to good long-term results of total ankle arthroplasty, [7, 9, 10] and proper positioning of the talar component is another important issue in total ankle arthroplasty [11, 12] . Sagittal malalignment in total ankle arthroplasty is one possible cause of premature implant failure, and unfavorable mechanical effects of implant malpositioning in the sagittal plane have been described in cadaver-based experimental studies [13, 14] .
One study [2] demonstrated that 46 (33%) of 138 osteoarthritic ankles had anterior translation of the talus. Of these 46 ankles, 40 (87%) ankles showed relocation of the talus within the ankle mortise, 5 (11%) ankles showed unchanged alignment of the talus, and 1 ankle showed progression of translation of the talus at the average 54 month follow-up. However, they did not reported outcomes of total ankle arthroplasty for osteoarthritic ankles with and without anterior translation of the talus. Therefore, a study was needed for the evaluation of the rate and the time of the relocation of the anteriorly translated talus into the ankle mortise after total ankle arthroplasty, and the effect of anterior translation of the talus on outcomes of total ankle arthroplasty.
The purpose of the present study was to evaluate the relocation of an anteriorly translated talus into the mortise after total ankle arthroplasty, and the effect of anterior translation of the talus on outcomes of three-component total ankle arthroplasty.
Methods
This retrospective study was approved by the institutional review board of Chonnam National University Hospital, and informed consent was obtained from all patients. One hundred and twenty consecutive total ankle arthroplasties were performed in 118 patients (120 ankles) with symptomatic ankle osteoarthritis using the cementless three-component HINTEGRA prosthesis (Newdeal, SA, Lyon, France) by a single surgeon, between January 2005 and December 2009.
The inclusion criterion for this study was symptomatic end-stage ankle osteoarthritis with fulfillment of general total ankle arthroplasty indications (good bone stock, normal vascular status, sufficient medial and lateral ankle stability). We excluded 7 patients (9 ankles) because of rheumatoid arthritis in 5 ankles, avascular necrosis of the talus in two ankles, diabetic Charcot arthropathy in one ankle, and revision surgery due to deep infection in one ankle. Three patients (3 ankles) without adequate follow-up for at least 24 months were also excluded.
The remaining 108 osteoarthritic ankles in 108 patients comprised of 50 ankles with anterior translation of the talus (46.3%), 54 ankles with non-translation of the talus (50%), and 4 ankles with posterior translation of the talus (3.7%). Because our objective was to evaluate outcomes of primary total ankle arthroplasty for ankle osteoarthritis with anterior translation of the talus, we excluded these four ankles with posterior translation of the talus.
The study cohort consisted of 104 patients (104 ankles) who had ankle osteoarthritis with a mean follow-up period of 42.8 ± 17.9 months (range, 24 to 95 months). There were 72 men and 32 women with a mean age of 62 years (range, 22 to 77 years). The average body mass index was 25. 6 In a control group of 50 normal ankles in our clinic, the mean tibiotalar ratio (and standard deviation) was 35 ± 3%. If the 95% confidence interval in the control group (29% to 41%) is taken as representative of the normal range for healthy populations, significant translation of the talus was decided outside of the two SDs (Table 2) .
Operative technique and postoperative management
All patients received total ankle arthroplasty using a longitudinal anterior approach between the anterior tibial tendon and extensor hallucis longus with the patient in the supine position. After removal of anterior capsular synovial tissue and osteophytes, the tibial cut was made to spare as much subchondral bone as possible. The superior talar cut was made parallel to the tibial cut, then the medial and lateral talar cuts were made, and finally the posterior cut was performed. The talar component was placed in the anatomical position of the talar dome. The selected implants were inserted after irrigation of the ankle. The wound was closed around the closed suction drain. All patients followed the same postoperative regimen. For the first two weeks after surgery, a well-padded short leg splint was used to keep the foot in a neutral position and to protect the ankle against plantar flexion movement, and no weight-bearing was allowed. For the next two weeks, an ankle-foot orthosis was used, and the patients were mobilized with weight-bearing as tolerated. Full weight-bearing and a foot and ankle rehabilitation program, which included stretching of the triceps surae, calf strengthening, and proprioceptive training were started after four weeks from surgery. Patients were instructed these exercise to perform about 20 minutes in a session and 2 sessions in a day by themselves for 8 weeks. All patients were followed at one, three, six, and twelve months postoperatively, and annually thereafter.
Clinical evaluation
Clinical outcomes were evaluated by 2 reviewers, who were not directly involved in the surgical procedure, using the American Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot scale [15] . The 100-point AOFAS scoring system combines subjective and objective data to evaluate clinical parameters; pain (40 points), function (45 points), and alignment (15 points). The AOFAS score is the most commonly reported outcome assessment after total ankle arthroplasty, but evidence of its validity and reliability is limited [16] . Ankle range of motion (ROM) was determined clinically using a goniometer along the lateral border of the leg and foot, and radiographically using the angle between talar and tibiar component on the lateral view [17] . We also noted the perioperative complications and additional procedures.
Radiographic evaluation
Radiographic examination included anteroposterior and lateral radiographs of ankles on full weight-bearing taken preoperatively, at 3 and 6 months postoperatively, and annually thereafter. All radiological measurement were measured accurately using the standard tools in our PACS (Picture Archiving and Communication System: Marotech 5.4) and evaluated by 2 reviewers, who were not directly involved in the surgical procedure.
Anteroposterior tibial-talar alignment was quantified using tibiotalar ratio (ratio into which the mid-longitudinal axis of the tibial shaft divides the longitudinal talar length) on lateral ankle radiographs [4, 17] (Figure 1 ). The angular positions of the tibial components were assessed using the α and β angles and the talar component positions were assessed using γ angles [8, 17] (Figure 2 ). Loosening of the tibial component was defined as a change in position of the flat base of the component in relation to the long axis of the tibia by >2°or a progressive radiolucency > 2 mm. Loosening of the talar component was defined as subsidence into the talar bone of >5 mm, or a change in γ angles of >5°.
Statistical analysis
Descriptive statistics (arithmetic means, averages, and ranges) were calculated using standard formulas. The independent t-test was used to determine the significance of inter-group differences in age, follow-up duration. Mann-Whitney U-test was used to determine the significance of inter-group differences in AOFAS score, ROM, and radiographic values (α, β, γ angles, and tibiotalar ratio) between the two groups. Also, Wilcoxon signed rank test was used to assess the intra-group differences of clinical and radiographic results before and after surgery. The Pearson chi-square test was conducted to determine the significance of inter-group differences in complication incidence, and additional procedure rates. Statistical significance was defined as p <0.05.
Results
Mean AOFAS ankle-hindfoot score improved from 46.2 points preoperatively to 93.0 points at the final followup in Group A and from 52.5 points preoperatively to 91.0 points at the final follow-up in Group B. There was no significant difference in the AOFAS score during the study period, between the two groups from preoperatively until the final follow-up ( Figure 3 ). Mean ankle range of motion was 28.7 degrees preoperatively and 40.3 degrees at the final follow-up in Group A and 32.5 degrees preoperatively and 39.0 degrees at the final follow-up in Group B. There was also no significant difference in the ROM during the study period, between the 2 groups from preoperative evaluation until the final follow-up (Table 3 ) (Figure 4 ). 
Anterior translation of Talus T-T ratio < 2SD T-T ratio < 29
*The values are given as the mean and the standard deviation. † T-T Tibiotalar.
Forty-six (92%) of 50 ankles (Group A) with anterior translation of the talus showed relocation of the talus within the mortise at 6 months after primary total ankle arthroplasty, 48 (96%) ankles showed relocation of the talus within the mortise at 12 months, and remained 2 (4%) ankles showed unchanged alignment of the talus until the final follow-up after primary total ankle arthroplasty ( Figure 5 ). The mean tibiotalar ratio in Group A improved from 23.1% preoperatively to 34.5% at the final follow-up. In Group B with non-translation of the talus, the mean tibiotalar ratio improved from 32.4% preoperatively to 35.4% at the final follow-up (Table 4 ). All ankles of group B had a normal range of tibiotalar ratio postoperatively. During the follow-up period, although the mean tibiotalar ratio of Group A was restored within the normal range (29% to 41%), the mean tibiotalar ratio of Group A had a relatively lower value than that of Group B during the all study period. But, there was no significant difference at 6, 12 months, and at the final follow-up. (p = 0.068, 0.164, 0.368, respectively) ( Figure 5 ).
Measured angles, linear values were not significantly different between the 2 groups. In Group A and Group B, the tibial components were positioned in the coronal plane at an average α angle of 89.1 degrees (range, 81.5 to 94.7 degrees) and 89.2 degrees (range, 84.1 to 95.4 degrees), respectively, and in the sagittal plane at an average β angle of 85.2 degrees (range, 81.3 to 94.1 degrees) and 85.4 degrees (range, 79.9 to 92.6 degrees), respectively. The talar component was positioned at an average lateral talar bone-component (γ) angle of 15.7 degrees (range, 7.8 to 24.6 degrees) in Group A and 14.8 degrees (range, 3.6 to 23.2 degrees) in Group B. All parameters (α, β, and γ angle) showed no significant difference (p > 0.05 for each) ( Table 4 ). Talar component subsidence or loosening did not occur in any of the cases.
Additional procedures
Additional procedures were carried out before or at the time of total ankle arthroplasty to correct accompanying malalignment, joint contractures, or instabilities, including 17 ankles (34.0%) in group A and 15 ankles (27.8%) in group B (p = 0.354). Preoperatively, an Ilizarov correction for complex ankle deformity was performed in 2 ankles in group B. Intraoperatively, a percutaneous Achilles tendon lengthening procedure was performed 4 ankles (8.0%) in group A and 3 ankles (7.4%) in group B. Deltoid release was performed in 6 ankles (12.0%) in group A and in 4 ankles (7.4%) in group B, and a modified Broström procedure was performed 4 (8.0%) in group A and 3 (7.4%) in group B. One medial malleolar lengthening osteotomy for ligament imbalance, Dwyer osteotomy and syndesmotic fusion were performed in each group.
Complications
Sixteen perioperative complications occurred in 11 ankles (22.0%) in group A, and 16 in 14 ankles (25.9%) in group B. There was no significant difference in terms of postoperative complications between the 2 groups (p = 0.663). One (2.0%) deep infection detected in group A at 6 months that required the changing of both tibial and talar components; the patient has had no pain and good functional results at 36 months after revision. Five (10.0%) ankles sustained an intraoperative malleolar fracture in group A and 3 (5.6%) in group B; all were non-displaced and stabilized by screw fixation, and no fracture occurred subsequently. A minor wound complication occurred in 3 (6.0%) ankles in group A and in 5 (9.3%) ankles in group B; all resolved after topical dressing changes. Two (3.7%) cases of deep peroneal neuropraxia occurred in group B, and 3 (6.0%) tendon lacerations occurred in group A (1 flexor hallucis longus and 2 extensor hallucis longus) and 1 (1.8%) in group B (flexor hallucis longus). Symptomatic heterotopic ossification was detected in 2 (4.0%) ankles in group A and 3 (5.6%) ankles in group B. Among them, 2 ankles in group B required surgical resection because of intractable pain and joint stiffness. In each group, there was a single case of medial bony impingement, both of which were managed by osteophyte resection. Tarsal tunnel release was performed on 1 ankle with tarsal tunnel syndrome in each group.
Discussion
In most normal ankles, the bony anatomy as well as the soft-tissue structures, including joint capsule, ligaments and muscle tendon units that cross the joint, prevent significant translation of the talus relative to the mortise with positioning of the ankle [1, 7, 10] . These structures guide and restrain movement between the talus and the mortise so that the talus has a continuously changing axis of rotation relative to the mortise as it moves from maximum dorsiflexion to maximum plantar flexion [18] . Ankle sagittal malalignment including anterior or posterior translation of the talus relative to the tibia often occurs in patients with osteoarthritis of the ankle, [1] [2] [3] [4] and anterior translation of the talus seems to be more common [1] .
Takakura et al. [5] suggested that the talus is translated anteriorly due to stretching of the anterior talofibular ligament and chronic lateral instability is caused as a result of anterior talofibular ligament dysfunction. Thus, loading stress is concentrated on the front of the ankle and osteoarthritis develops. In addition, the amount of anterior opening of the distal tibial joint surface increases in osteoarthritis of the ankle. However, the definite mechanism of anterior translation of the talus in ankle osteoarthritis is not well understood.
Measurement of ankle sagittal alignment before and after the operation has shown that total ankle arthroplasty frequently restores an anteriorly translated talus to an anatomical position [1, 2, 19] . Barg et al. [19] reported that in 127 (34.5%) of 368 osteoarthritic ankles, the center of the talar component in the sagittal plane was positioned precisely in the line of the longitudinal axis of the tibia after total ankle arthroplasty, and in the other two-thirds of ankles, the variations in the talar component position were within a very small range at an average follow-up of 51.2 months. Wood et al. [2] demonstrated that 46 (33%) of 138 osteoarthritic ankles showed anterior translation of the talus, and 40 (87%) of 46 ankles showed an improvement in the alignment of the talus within the ankle mortise after total ankle Figure 4 Time course of the postoperative ankle range of motion in the patients with or without an anteriorly translated talus after primary total ankle arthroplasty. The error bars represent the standard deviation. There were no significant differences at all study periods.
arthroplasty at a minimum follow-up of 36 months. In our study, an anteriorly translated talus was detected in 50 (46.3%) of 108 osteoarthritic ankles and 48 (96.0%) of these 50 ankles restored to an anatomical position at a mean follow-up of 43 months. The authors believe that the realigned ligaments after clearance of the bony osteophytes, adequate balancing of medial and lateral ankle ligaments, anatomical positioning of the talar component, and optimal sagittal alignment may help restoration of the talus into the mortise. Moreover, Barg et al. [19] suggested that the use of conical, anatomically shaped talar surfaces, as is the case in the HINTEGRA ankle prostheses, allows for balancing of medial and lateral ankle ligaments, and thus also increases the anteroposterior stability of the replaced ankle joint. These findings support the assumption that restoration of the soft-tissue stabilizers may help realign the talus within the mortise.
However, according to the result of anteriorly translated talus group, although the talus was restored to the ankle mortise in the majority of cases at the final follow-up, they were still more anteriorly positioned than non-translated talus group. We can supposed that, in anteriorly translated talus group, soft tissue balancing was less performed and this could be the result of decreased alignment recovery ability after soft tissue imbalancing due to prolonged translated position. Because of prolonged periods of anterior translation of the talus, ability for alignment recovery might be decreased. And this could result in insufficient soft tissue balancing in anteriorly translated talus group. Therefore, we need prospective systematic study on Figure 5 Time course of the postoperative tibiotalar ratio in the patients with or without an anteriorly translated talus after primary total ankle arthroplasty. The error bars represent the standard deviation. mechanism and rate of relocation according to the severity of anterior translation of the talus.
Concerning the talar component positioning, even though the talus was translated anteriorly before performing primary total ankle arthroplasty, we implanted the talar component in an anatomical position of the native talar dome. Hintermann et al. [8] reported that positioning of the talar component too posteriorly caused talar component loosening or sagittal instability. Tochigi et al. [14] demonstrated that an anteriorly positioned talar component led to premature polyethylene bearing lift-off in the cadaver study, therefore the talar component should be placed in the anatomical position and slightly posterior placement may be acceptable if the joint height remains anatomical. Therefore, anterior placement of the talar component should be avoided.
Our results indicate that the clinical and radiographic outcomes in the osteoarthritic ankles with anteriorly translated talus group were comparable with those in non-translated talus group in terms of AOFAS score, ankle ROM, and radiographic values. We believe that restoring optimal sagittal alignment is crucial for successful total ankle arthroplasty in osteoarthritic ankles with anteriorly translated talus.
The present study has some limitations. First, it was a retrospective review of a single institutional database, and the follow-up was short. Second, the authors were unable to identify the prognostic factors for restoration of the anteriorly translated talus into the mortise. So, prospective studies involving multicenter of cases with long-term evaluation are needed. Third, tibiotalar ratio is not an absolute indicator of anterior translation of the talus. But, because of its wide use in the literature, we believe that tibiotalar ratio still offer valuable measurement of anteriorly translated talus.
Conclusions
In most cases, an anteriorly translated talus in osteoarthritic ankles was restored to an anatomic position within 6 months after successful total ankle arthroplasty. Adequate soft tissue balancing, optimal sagittal alignment, and anatomical positioning of the talar component may help restoration of the talus into the mortise. The clinical and radiographic outcomes of three-component total ankle arthroplasty in the osteoarthritic ankles with an anteriorly translated talus group were comparable with those in the osteoarthritic ankles with a non-translated talus group at the mean follow-up of 43 months. 
